We investigate scattering effects in open Robertson-Walker cosmologies whose spacelike slices are multiply connected hyperbolic manifolds. We work out an example in which the 3-space is infinite and has the topology of a solid torus. The world-lines in these cosmologies are unstable, and classical probability densities evolving under the horospherical geodesic flow show dispersion, as do the densities of scalar wave packets. The rate of dispersion depends crucially on the expansion factor, and we calculate the time evolution of their widths. We find that the cosmic expansion can confine dispersion: The diameter of the domain of chaoticity in the 3-manifold provides the natural, time-dependent length unit in an infinite, multiply connected universe. In a toroidal 3-space manifold this diameter is just the length of the limit cycle. On this scale we find that the densities take a finite limit width in the late stage of the expansion. In the early stage classical densities and conformally coupled fields approach likewise a finite width; nonconformally coupled fields disperse. Self-interference occurs if the dispersion on the above scale is sufficiently large, so that the wave packet can overlap with itself. Signals can be backscattered through the topology of 3-space, and we calculate their recurrence times.
INTRODUCTION
In this paper we deal with the topological structure of space-time, in particular with the bearing of the topology on the microscopic motion, on the global behavior of the world-lines, and on the dynamics of wave packets.
We assume that the metric tensor of space-time can locally be described by a Robertson-Walker (RW) line element, and that the 3-space is infinite and has negative curvature. In Tomaschitz (1993a) we compared in the simply connected topology of the Minkowski hyperboloid the dispersion of classical densities that arises because of the instability of the flow lines with the dispersion of quantum mechanical wave packets. We found asymptotic equivalence of the classical and quantum dispersion in regimes where no annihilation/production processes occur. This is an important result, because it shows that in these universes the classical instability is well capable of producing the same dispersion phenomena as wave fields.
As was pointed out at length in the preceding papers (Tomasehitz, 1992a-c), a further peculiarity of open RW cosmologies of negative spatial curvature is that the spacelike slices can take a variety of topologies, which can even change in time.
If the 3-space is multiply connected and infinite, it is metrically deformable; its metric can vary in time even if its Gaussian curvature stays constant, in sharp contrast to the rigidity of the simply connected RW cosmologies with S 3, R 3, H 3 as spacelike slices.
Another striking topological effect is the appearance of regions of chaoticity, and of bound-state wave fields localized on them (Tomaschitz, 1991) .
In this paper we study topological scattering phenomena arising because of the multiple connectivity of the 3-space. Properly speaking, if a signal is emitted at some time, then a fraction of it may come back at later instants from different directions. This backscattering is somewhat reminiscent of the scattering that wave packets undergo in a metric that is rapidly varying in time (Schrrdinger, 1939 (Schrrdinger, , 1956 .
In Section 2 we study horospherical geodesic flows in a multiply connected 3-space manifold. Such a flow consists of bundles of parallel geodesics issuing from the boundary at infinity of the 3-space. We study probability densities evolving under this flow, and we derive a continuity equation for the 4-current density.
In Section 3 we compare this current with the current of wave fields satisfying the Klein-Gordon equation. In the case of the Minkowski hyperboloid as 3-space we found (Tomaschitz, 1993a) asymptotic equivalence of the classical current and the quantum current in regimes where we can identify positive-and negative-frequency solutions, for example, when the expansion factor is slowly varying. If the 3-space is multiply connected, this equivalence can be destroyed by topological scattering and the arising self-interference of the wave packet.
In Section 4 we make some comments on the topologies we have in mind, and sketch the simplest example of a hyperbolic 3-manifold that is open and multiply connected, namely that of a solid torus.
